Background: The development of laparoscopic radical prostatectomy (LRP) has been one of the surgical advances in the treatment of localized prostate cancer. The procedure aims to combine the advantages of minimal access surgery with resection based on established oncological principles with cure rates and functional results that are at least comparable to open radical prostatectomy (ORP). Objectives: This review compares the advantages and disadvantages of the LRP to the ORP with regard to the real benefits to the patient. The impact on the urological practice was also addressed by the review. Although a number of treatment options are available for early prostate cancer, radical prostatectomy has provided the best opportunity for long-term cure (410 y).
Introduction
Cancer of the prostate is the most common malignancy of the male genito-urinary tract. In England and Wales, cancer of prostate is the second commonest cause of death from cancer in men, 1 accounting for a death rate of 27 per 100 000 deaths in 1998, 2 while in the USA prostate cancer accounted for approximately 33% of new cancer cases in males in the year 2003. 3 Reports of increasing incidence of prostate cancer have also come from other countries like Scotland 4 and Japan. 5 Hence, prostate cancer is becoming a significant health problem in many countries.
Although a number of treatment options are available for early prostate cancer, radical prostatectomy has provided the best opportunity for long-term cure (410 y). 6 Radical prostatectomy was initially described by Young 7 in1901, using the perineal approach. The retropubic approach, described by Millen 8 50 y later, gained widespread acceptance because of the increased familiarity with pelvic anatomy and the ability to perform staging lymphadenectomy.
Open radical prostatectomy was initially associated with high intraoperative blood loss, low cure rates, and frequent incontinence and impotence. Further understanding of detailed prostatic anatomy, allowed the introduction of anatomical radical prostatectomy by Walsh and Riner. 9 Since then urological surgical technique has advanced such that the morbidity and mortality associated with open radical prostatectomy have been substantially reduced.
Laparoscopic radical prostatectomy (LRP) has been recently described as a potential alternative to the traditional open operation. The goals of high cure rates and low morbidity remain unaltered. The additional potential benefits of the laparoscopic approach are to shorten the operative time, blood loss and transfusion rates, length of hospital stay, and duration of catheterization. Moreover, the laparoscopic approach has the advantages of better visualization of relevant anatomy, as compared to open surgery, and reduces the traumatic insult to the patient. 10 LRP was firstly reported by Schussler et al 11 in 1991 using the transperitoneal approach (TP-LRP). In 1997 they published their experience from several years and reported no significant advantage of the laparoscopic approach in terms of tumour removal and functional outcome. 12 In 1997 Roboy et al 13 reported their experience with extraperitoneal LRP (EP-LRP) approach, in two patients,which was later developed by Bollens et al, 14 and Stolzenburg et al. 15 However, two French groups have argued for the LRP via the transperitoneal approach (TP-LRP). Guillonneau et al 16 first reported clinical outcomes of 28 LRP's in 1998, followed by another four papers. [17] [18] [19] [20] Abbou et al 21 reported their experience with the laparoscopic approach and confirmed the feasibility and usefulness of the LRP. 21 Recently, many other urology centres around the world were encouraged by the clinical results obtained by the French surgeons, and started to use LRP. [22] [23] [24] [25] [26] This review aims to compare the results of LRP to those of the commonly used open approaches (namely retropubic and perineal radical prostatectomy) in terms of cancer control, functional outcome, and surgical morbidity.
Materials and methods
A review of the published data was carried out using Medline and other online databases. The following search terms were used 'radical prostatectomy', 'prostate cancer', 'laparoscopic prostatectomy'. Additional material was obtained from references cited in original papers and recently published abstracts of meetings.
Results
The results of this review will be discussed under the following headings: Surgical morbidity. Oncological outcome. Functional outcome.
Surgical morbidity
To date, only few groups have published their experience with 40 or more cases treated by LRP. It is considered that this number of cases is required to overcome the learning curve 17 ( Table 1) .
Operative time One of the main arguments against the LRP is its lengthy operative time. Schuessler et al 12 initially reported long mean operative time of 9.4 h in his experience with nine cases. However, the operation time is essentially determined by the experience of the individual surgeon 19 and reports vary in this regard. Guillonneau et al reported their experience with 567 cases. 27 The mean operative time of the whole series was 203 min, with a trend towards regularly a shorter operation time in the latest cases. The mean operative time of their first 50 cases was 268 min, while that of the last 66 cases was 174 min. Additional pelvic lymphadenectomy will increase the operating time by an average of 41 min. 28 Hoznek et al, 29 reported a median operation time in their first 20 cases of 8.5 h with, and 7 h without pelvic lymphadenectomy. This time decreased to 4 h and 3.5 h, respectively, in later patients. Rassweiler et al, 28 reported that the operative time in their first 60 patient had a mean of 324 vs 265 min in the last cases. They showed that the operative time correlates well with the tumour size and stage. Turk et al, 23 reported reduction in the mean operative time from 352 min in the first 10 patients to 200 min in the last 40 patients. The same finding was experienced by another American team. 
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Compared with TP-LRP, Hoznek et al, found that the EP-LRP was associated with lesser operative time. 30 In a current series of EP-LRP with 300 patients, the mean operative time was 140 min. 31 This could be explained by the lack of initial dissection of seminal vesicles and the creation of workspace using the extraperitoneal approach.
Bleeding and transfusion rates In laparoscopic surgery permanent haemostasis is indispensable because bleeding interferes with vision and makes the operation difficult as well as more hazardous. All teams reported reduction in the intraoperative bleeding and transfusion rates in their later cases, reflecting the learning curve. Moreover, their finding verified a report by Schuessler et al, 12 that the laparoscopic approach was associated with less blood loss. Guillonneau et al 27 in their series of 567 cases reported a mean blood loss of 380 ml and transfusion rate of 4.9% . The blood loss and transfusion rates decreased from the first 50 cases to the last 60 cases from 514 ml and 18% to 292 ml and 4.7%. Similar experience was reported by other groups.
14,22,29 However, Rassweiler et al 28 experienced higher transfusion rates of 31%, and significantly higher mean intraoperative blood loss of 1230 ml. This could be due to difficult dissection using the Hielborn technique, which is associated with a higher risk of bleeding. 32 They again correlated the amount of bleeding and transfusion rates to the specimen weight as well as tumour stage (455 of his patients had PT3 tumours). Using the EP-LRP, Stolzenburg et al 31 have a transfusion rate of 1.3%.
Conversion rates
Conversion to open prostatectomy due to intraoperative complications decreases with experience, and no conversions were reported in later patients in all series. Guillonneau et al, 27 had an overall conversion rate of 1.2% in their first 70 cases and no conversion at all in their last 500 cases. Rassweiler et al 28 reported 4.4% conversion rate overall, and no conversion in their last 60 patients. Eden et al, 22 have only one conversion in their 100 patients. Hoznek et al, 29 Turk et al, 23 Gregori et al 25 and Stolzenburg et al 31 report no conversions at all in their series.
Complications Most of the complications occur during the first cases, and decrease as the surgeon gains more experience. 27 Contrary to the open radical prostatectomy, LRP uses the transperitoneal route and unusual complications may occur. Intestinal injuries have been reported to happen during posterior dissection of the prostate due to electrical burn or direct instrument perforation. 29, 33 Rectal injury in particular was reported by most of the groups ( Table 2) .
Collections of blood or leaking extravasating urine through the anastomosis may cause prolonged ileus and/or postoperative pain, which is rarely encountered in the open prostatectomy. Parietal trauma including injury to the epigastric vessels and wound dehiscence are other complications of the LRP. In a review of 1228 LRP Sulser et al, 34 reported 15(1.2%) bowel perforations including rectal injuries, 12 (1%) ureteral injuries, bleeding due to epigastric artery injury in three cases and reintervention was needed in 23 patients (1.9%). Advocates of the extraperitoneal approach (EP-LRP) claim that it avoids such intraperitoneal complications by maintaining the peritoneal integrity, 14, 15, 35 thus preventing bowel injury and postoperative ileus. Furthermore, the tamponading effect of the confined extraperitoneal space limits postoperative blood loss or urine leakage. Moreover, in the case of conversion to open surgery, the urologist will be in the familiar situation of retropubic ORP.
Postoperative data With reduced postoperative analgesia requirements and early mobility, quicker recovery and shorter hospital stay is usually anticipated after Laparoscopic radical prostatectomy AM Omar and N Townell laparoscopic surgery. Another point is that thermboembolic complications are very rare with LRP (Table 3 ). This could be explained by the extended Trendelenburg position, which increases the venous return, and early mobility of the patient. 17 
Oncological results
The oncological results of the LRP should be similar to its open counterpart before the laparoscopic approach can be considered a satisfactory alternative to the open approach. As the postoperative follow-up in the few published series is short, the oncological efficacy criteria reported by all the groups were derived from pathological examination of the surgical specimens for the rate of positive margins as well as postoperative prostatic specific antigen (PSA) values (Table 4) .
Functional results
The laparoscopic approach provides the theoretical advantages of preserving the neurovascular bundle and bladder neck, owing to better magnification and superior illumination. 36 Moreover, the optimal light and magnification provided by the laparoscopic technique improves the quality of the urethrovesical anastomosis, which is one of the most demanding steps of the radical prostatectomy. Such quality is reflected by the short catheterization time in all the groups. However, short follow-up data available limits the proper assessment of potency and urinary continence rates after LRP (Table 5) .
Discussion
LRP has been introduced as a new technique to treat organ-confined prostate cancer, with more than 2000 procedures reported in the literature. 22, 25, 26, 31, 34, 37, 38 The main goals were to offer the advantages of the open approach. These include: simultaneous lymph node dissection, minimal rates of positive surgical margins, ability to maintain the neurovascular bundle, and to provide the well-known advantages of laparoscopic surgery with consequent reduction in intra-and postoperative morbidity.
However, in making the argument for the laparoscopic approach crucial questions need to be addressed: Feasibility in terms of surgical morbidity. Efficacy in terms of oncological results. Functional results in terms of continence and potency rates.
Feasibility
Guillonneau et al have demonstrated the feasibility of LRP, and refined and standardized the technique. In their series 39 the mean operative time was 200 min. Rassweiler Improvements in surgical experience and operative technique and the introduction of the extraperitoneal approach (EP-LRP) have allowed a significant reduction in the operating time and perioperative complications of the laparoscopic approach, 31, 39 although this may involve a steep learning curve. Transfusion rates in the main laparoscopy groups ranged between 1.3 and 31%, 28, 31 whereas in the ORP the range is between 1 and 11%. 41, 42 Rectal injuries occur in less than 0.5% of the open series. 43, 44 In the LRP series this raised from 1 to 10% of cases. 23, 27 Most importantly no mortality was reported by any of the LRP operating teams.
Anastomotic stricture was reported in 1.3-27% of patients after open radical prostatectomy. 45 Whereas, in the laparoscopic series it varies form 2 23 to 6%. 28 Length of hospitalization after radical prostatectomy is an important criterion to assess morbidity. However, it is a difficult parameter to evaluate because of difference in economic and social factors in different countries. In USA, the application of specific clinical pathways has led to shorter hospitalization time up to less than 4 days. 46, 47 The average hospitalization after LRP in the European series ranges from 4.2 to 10 days, 22, 28 indicating different health systems. For the LRP to be a cost-competitive procedure the operative time would have to be reduced and the hospital stay further shortened (1-3 days) 48 ( Table 6 ).
Efficacy
It is well known that, surgical margins status is one of the well-defined pathological predictors of outcome in radical prostatectomy patients, and most recent series showed the adverse impact of positive margin on outcome. 49, 50 The rates of positive margins vary widely from 5 to 46% in ORP 51, 52 and from 11 to 31% in LRP series. 24, 25 Based on the examination of the operative specimens for positive surgical margins, Rassweiler et al 38 Laparoscopic radical prostatectomy AM Omar and N Townell despite the fact that there was a shift in favour of the laparoscopic series with respect to cancer stage. As the risk of prostate cancer recurrence persists beyond 5-7 y following surgery. 56 The other oncological criterion is the postoperative PSA level (biochemical recurrence). In this context, Guillonneau et al 57 in a large series of 1000 LRPs reported a biochemical progressionfree survival rate of 90.5% at 3 y, which is comparable to those of ORP. However, the mean follow-up period in most of the published series (less than 12 months) was very short, makes it difficult to draw any definitive conclusion.
In general, the oncological results documented so far after LRP do not appear to have any advantages over the open surgical techniques. With respect to the current studies, one can argue that, the oncological results are mostly due to patient selection rather than to the laparoscopic technique itself.
Functional outcomes
Postprostatectomy potency and urinary incontinence are important functional outcome measures. However, the evaluation of postprostatectomy urinary continence and potency rates can be difficult due to the variability of data collection and the use of different definitions. In a report by Stanford et al 28 derived from the prostate cancer outcome study, a large community-based cohort of patients following open radical prostatectomy were found to have an incontinent rate of only 8.9% at 18 months follow-up. Walsh et al, 59 using a patients reported questionnaire noted a postprostatectomy continence rate of 93% at 12 months, postoperatively. Novickin et al, 60 in another series achieved a continence rate of 96.1% using a modified urethral anastomosis technique. On the other hand, in the laparoscopic series evaluated by Olsson et al 61 the overall continence rate was 90% at 12 months. Guillonneau et al reported a rate of 82.3% at 12 months follow-up. 39 With the help of selfadministered ICS-male questionnaire Rassweiler et al 28 observed a continence rate of 91% at 12 months.
Likewise, potency rate varies significantly in patientreported surveys, ranging from 40% at 18 months 58 to as high as 86% at the same period in the open series. 59 In their laparoscopic series Salomon et al 36 reported a potency rate of 58.8%,while Guillonneau et al 39 reported a potency rate of 85%. Most important with respect to potency rate, is the effect of including sildenafil therapy in the overall results when defining potency in recent studies. In this respect, Catalona and Bigg, 62 in the presildenafil era, have reported potency rate of 50-75% in the early 1990s. Hara et al 63 compared the quality of life following open and LRP and found that changes after radical prostatectomy are almost identical for both techniques.
Conclusion
LRP is a new approach that is both feasible and reproducible and now performed routinely in some centres as the first-line surgical treatment for localized prostate cancer. However, the lengthy learning curve and the technical demand of the procedure, restricts its availability to a limited number of urologists. Moreover, improvement in the techniques of open prostatectomy set a higher standard for the advocates of the laparoscopic approach, and with the wide availability of open prostatectomy, it may be difficult for proponents of LRP to convince many urologists to change their technique. The current reported series showed that LRP does not demonstrate any real advantages over the conventional open approach. We believe that, only long-term followup studies and multicentre prospective controlled trials will define the future role of the laparoscopic technique in the management of organ-confined prostate cancer.
